The superplastic deformation behavior of a fine-grained 7075 Al alloy has been investigated within the framework of an internal variable theory for inelastic deformation. The theory takes the dislocation glide process within and across the grain boundaries (grain matrix deformation (GMD)) as the major accommodation mechanism for the grain boundary sliding (GBS). The flow curves were obtained by performing a series of load relaxation tests at the various prestrain values to examine the effects of accumulated strain on the superplastic deformation behavior. The most significant result obtained in this study is that the grain boundary characteristics change gradually with the strain accumulation from an initially Newtonian viscous flow signified with the power index value of M g ‫؍‬ 1 to a non-Newtonian flow with the value of M g ‫؍‬ 0.5 commonly observed in the various microduplex alloys such as Ti-6Al-4V. The variation of GBS characteristics with the prestrain is then examined by observing the microstructural evolution with the strain through the use of transmission electron microscopy (TEM).
Superplasticity is typically characterized as the ability for Equation 3 and 4 are the constitutive relations for plastic crystalline materials to exhibit an extensive tensile elongation deformation by dislocation process and GBS, respectively. The prior to failure.
[1] Most of the studies have attempted to analyze parameters p and M g are material constants, and * and ␣ * the superplastic flow behavior based on a single power law are the internal strength variable and its conjugate reference relation between the flow stress and the strain rate with strain rate, while the parameters ⌺ g and ġ 0 denote the frictional the strain rate sensitivity m. Further, the value of m, which is resistant stress and its conjugate reference strain rate for the slope of log versus log , has been considered as a unique GBS, respectively. parameter for superplasticity.
The present study has been carried out to examine the effect It is well known that the superplastic deformation is often of strain on the flow behavior of a fine-grained 7075 Al alloy. accompanied by microstructural evolutions such as grain Load relaxation tests were then carried out for a 7075 Al alloy growth and cavitation. [2, 3] Also, there has been a report that the with the increment of strain at 515 ЊC to obtain the evolution strain rate sensitivity changes with strain.
[4] Therefore, it is of deformation characteristics with strain. These flow curves thought to be no longer valid to attempt to analyze the superplasare then separated into the GMD curve and the GBS curve, as tic flow as a steady-state deformation behavior, which has been prescribed by the theory and analyzed thoroughly. The microassumed through the great deal of research done on superplastistructural observations were also carried out to investigate the city. Because a large amount of strain is encountered during evolution of microstructural characteristics with strain. Finally, the superplastic forming processes, however, the evolution of the results obtained from the analysis of each flow curve are superplastic deformation behavior with the strain has to be discussed in relation to the microstructural characteristics. It is clearly characterized. believed possible to extract more valuable information about the A new internal variable theory has recently been proposed effect of the strain accumulation on the superplastic deformation to provide a more comprehensive understanding of the superbehavior from this approach, which has not been possible to plastic deformation behavior.
[5] The basic theme of this theory is obtain from the conventional approach. that superplastic deformation consists of grain boundary sliding (GBS) and an accommodating grain matrix deformation (GMD) by dislocation slip. The following relations were developed
Experimental Procedures
from the model: 
Experimental Results and Analysis

Analysis of Flow Curves
The strain dependence of flow behavior is shown in Fig. 2 ,
where the flow stress is plotted against the inelastic strain of shifting toward the higher stress and lower strain rate region as the amount of strain increases. While the flow curve after the prestrain of 2% shows a large value of strain rate sensitivity at the low strain rate region, such a flow behavior disappears m for load relaxation tests and 5.6 m for the microstructural with the strain increment. As shown in Fig. 2 , the region with observations, respectively. a high strain rate shifts to a lower strain rate region when the Load relaxation tests were conducted to obtain the flow amount of strain increases up to 50%. Finally, it is impossible curves of a 7075 A1 alloy with the increment of strain at 515 to observe such a region when the prestrain increases over the ЊC. The strain rate of tensile deformation between each load strain of 100% at 515 ЊC. Shifting of flow curves toward a relaxation test was chosen as ϭ 1 ϫ 10 Ϫ4 /s to provide the higher stress region with the increment of strain seemed to stable deformation of tensile specimens without necking. The result from strain hardening due to deformation-enhanced constant strain rate tensile tests were also carried out to obtain grain growth. the specimens that were used for the microstructure at 510 ЊC.
The flow curve of the superplastic 7075 A1 alloy at high Metallographic examinations were then conducted using temperatures can be considered as a composite curve consisting scanning electron microscopy and transmission electron microsof a GBS represented by a vs ġ curve and an accommodating copy (TEM) to investigate the evolutions of microstructural GMD represented by a I vs ȧ curve. These two curves can characteristics with the increment of strain. Thin foils for TEM then be separated from an overall flow curve because the GBS were prepared by the electrolytic polishing solution containing is not likely to occur at the lower stress end and also at the higher strain rate end. Once the GMD curve is determined, the 34% nitric acid in methanol at 243 K and were examined in
